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Overview

• Epidemiology and pathophysiology of obesity in IBD
• Impact of obesity on natural history of IBD
• Impact of obesity on treatment response in IBD
• Would treating obesity modify outcomes in patients with IBD?



A Tale of Two Epidemics

• Over 1/3rd of adults in the US are obese 
• Proportion of overweight/obese –

increased 28% in developed, 60% in 
developing countries over last 30y

• Global increase in incidence of IBD (10-
30 per 100,000 in developed countries)

• New wave in newly developed nations
Ng. Lancet 2014;384:766

Molodecky. Gastroenterology 2012;142:46



Prevalence of Obesity in IBD

• 20-40% of adult patients with IBD are 
OBESE!
• In 2002 – 3% obese

• Similar patterns in pediatrics
• 20-30% of pediatric patients with 

IBD are overweight or obese

Seminerio. Inflamm Bowel Dis 2015;21:2857
Long. Inflamm Bowel Dis 2011; 17:2162



Does Obesity Contribute to Development of IBD?

• Systematic review of 10 studies, 15.6 mi 
individuals, 23,371 cases of IBD

• Non-linear association between being 
underweight and obesity and risk of CD

• 25% higher risk of developing CD in 
obese adults 

• Weight gain during young-adulthood 
associated with increased risk of CD

• No association between BMI and risk of 
developing UC

Bhagavathula, et al. Healthcare 2021
Khalili, et al. Inflamm Bowel Dis 2015



How might obesity contribute to pathogenesis of IBD?

Singh et al. Nat Rev Gastroenterol Hepatol 2016

Shared pathogenesis
• Obesity-induced dysbiosis
• Impaired mucosal barrier dysfunction
• Increased leptin and decrease in adiponectin promotes inflammation
• Mesenteric fat in CD



Obesity converts a classically TH2-driven inflammatory disease to a more severe TH17-
driven disease that is worsened upon anti-TH2 antibody treatment.
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Obesity alters pathology and treatment 
response in inflammatory disease

Sagar P. Bapat1,2,3,4,5,6 ✉, Caroline Whitty4,5,35, Cody T. Mowery5,6,7,35, Yuqiong Liang1,35, 
Arum Yoo4,6, Zewen Jiang4,6, Michael C. Peters8, Ling-juan Zhang9,10, Ian Vogel4,5, 
Carmen Zhou1, Vinh Q. Nguyen11, Zhongmei Li12, Christina Chang1, Wandi S. Zhu5,13, 
Annette T. Hastie14, Helen He15, Xin Ren16, Wenli Qiu16, Sarah G. Gayer4,6, Chang Liu4,6, 
Eun Jung Choi17, Marlys Fassett5,13,18, Jarish N. Cohen18,19, Jamie L. Sturgill20, Laura E. Crotty 
Alexander21,22, Jae Myoung Suh23, Christopher Liddle24, Annette R. Atkins2, Ruth T. Yu2, 
Michael Downes2, Sihao Liu2, Barbara S. Nikolajczyk25, In-Kyu Lee26, Emma Guttman-Yassky15, 
K. Mark Ansel5,13, Prescott G. Woodruff7, John V. Fahy7, Dean Sheppard7,16, Richard L. Gallo9, 
Chun Jimmie Ye27,28,29,30, Ronald M. Evans2 ✉, Ye Zheng1 ✉ & Alexander Marson5,6,12,27,31,32,33,34,35 ✉

Decades of work have elucidated cytokine signalling and transcriptional pathways that 
control T!cell di"erentiation and have!led the way to targeted biologic therapies that 
are e"ective in a range of autoimmune, allergic and in#ammatory diseases. Recent 
evidence indicates that obesity and metabolic disease can also in#uence the immune 
system1–7, although the mechanisms and e"ects on immunotherapy outcomes remain 
largely unknown. Here, using two models of atopic dermatitis, we show that lean and 
obese mice mount markedly di"erent immune responses. Obesity converted the 
classical type 2 T helper (TH2)-predominant disease associated with atopic dermatitis 
to a more severe disease with prominent TH17 in#ammation.!We also observed 
divergent responses to biologic therapies targeting TH2 cytokines, which robustly 
protected lean mice but exacerbated disease in obese mice. Single-cell RNA 
sequencing coupled with genome-wide binding analyses revealed decreased activity 
of nuclear receptor peroxisome proliferator-activated receptor-$ (PPAR$) in TH2 cells 
from obese mice relative to lean mice. Conditional ablation of PPAR$ in T!cells revealed 
that PPAR$ is required to focus the in!vivo TH response towards a TH2-predominant 
state and prevent aberrant non-TH2 in#ammation. Treatment of obese mice with a 
small-molecule PPAR$ agonist limited development of TH17 pathology and unlocked 
therapeutic responsiveness to targeted anti-TH2 biologic therapies. These studies 
reveal the e"ects of obesity on immunological disease and suggest a precision 
medicine approach to target the immune dysregulation caused by obesity.

Emerging clinical data of multiple immunological diseases includ-
ing atopy and asthma indicate that obese patients have more severe 
disease and exhibit resistance to therapies that are effective in lean 
patients8–13, although the mechanisms underlying these observa-
tions remain unclear. To gain mechanistic insights into the immu-
nopathological effects of obesity, we employed a well-characterized 
mouse model of atopic dermatitis14,15 (AD). We challenged obese 
mice fed high-fat diet (HFD) and lean controls with the vitamin D3 
analogue MC903 to induce AD on the ear (Fig.!1a). The obese mice 
displayed a markedly increased inflammatory response, evidenced by 
an approximately twofold to fourfold increase in ear thickness rela-
tive to lean mice that received the same MC903 treatment (Fig.!1b).  
The MC903-treated ears of the obese mice had more severe erythema 
and scale, hallmarks of dermal inflammation (Fig.!1c). Histological 
evaluation demonstrated greater expansions of the epidermal and 
dermal layers in obese mice, along with a marked increase in leuko-
cytic infiltration (Fig.!1d, dashed line). Of note, studies modulating 

duration of the HFD (Extended Data Fig.!1a–d) and using monogenic 
models of obesity on normal or HFD (Extended data Fig.!1e–j) sug-
gested that the increased ear thickness and inflammation seen in obe-
sity was at least partially dependent on HFD. Further, we observed 
a persistent inflammatory effect of obesity, even after weight loss 
(Extended Data Fig.!1k–m). Additionally, obesity increased disease 
severity, including after weight loss, in a second model of AD (Extended 
Data Fig.!2a–g), involving sensitization to ovalbumin (OVA) followed 
by serial tape-stripping and exposure to a mixture of OVA and papain 
(TOP). Finally, this increased inflammatory response was not limited 
to atopic diseases of the skin, as challenging lean and obese mice in an 
experimental model of allergic airway disease (ovalbumin sensitization 
and challenge) yielded increased cellular infiltration across multiple 
immune subsets in the bronchial–alveolar lavage fluid of obese mice 
and increased CD4+ and CD8+ T!cells in the draining lymph node of 
obese mice (Extended Data Fig.!2h–j). Together, these results show 
that obesity exacerbates multiple mouse models of atopic disease.
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The marked difference in atopic disease severity between lean and 
obese mice prompted us to profile the infiltrating T!cell populations in the 
AD lesions using flow cytometry. Numbers of conventional CD4+ T (Tconv)  
cells!were significantly increased in the obese mice, with trending 
increases in the regulatory T (Treg) and CD8+ T!cell populations, sug-
gestive of an overall increased inflammatory response (Extended 
Data Fig.!2k). Intracellular staining for cytokine competence revealed 
trending approximately 3.9- and 1.7-fold increases in CD4+ T!cells from 
obese mice positive for the TH2 cytokines IL-4 and IL-13, respectively,  
in this cohort; however, we also observed an unexpected and prominent 
6.5- and 11.5-fold increase in CD4+ T!cells positive for the TH17 cytokines 
IL-17A and IL-17F, respectively (Fig.!1e, Extended Data Fig.!3a, b).  
We observed similar increases in TH17 cytokines in obese mice relative 
to lean mice challenged with TOP (Extended Data Fig.!4a, b) and in a 
model of allergic airway disease (Extended Data Fig.!4c).

More prominent TH17 inflammation may also occur in obese humans 
with allergic disease. Using a previously collected dataset of targeted 
serum proteomes of patients with AD, we identified two markers of 

cutaneous TH17 inflammation16,17 that correlated positively with body 
mass index (BMI) (Extended Data Fig.!5a–c). Separately, an analysis  
of lean, overweight, obese and morbidly obese individuals with asthma 
from a large, longitudinal, multi-centre study (SARP)18 demonstrated a 
clear decrease in sputum eosinophil percentage, a defining marker of 
the TH2-high endotype19, as a function of BMI (Extended Data Fig.!5d, e).

Although previous studies have demonstrated increased disease 
severity in obesity in TH17-dependent disease models such as multiple 
sclerosis and colitis20,21, our findings were surprising as experimental 
AD is classically a TH2-driven model of cutaneous autoimmunity, and 
suggested that obesity may shift the TH-responsive landscape away 
from TH2-directed inflammation towards an aberrant TH17 or unfocused 
inflammatory response. To further characterize this shift, we systemati-
cally profiled the lesional Tconv cells using single-cell RNA-sequencing 
(scRNA-seq) (Fig.!1f). Analysis revealed four Tconv cell populations (anno-
tated here as naive-like, TH1, TH2 and TH17) and a cluster of cycling cells 
along with associated RNA velocity22,23 transcriptional trajectories visu-
alized with uniform manifold approximation and projection (UMAP)24,25 
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Fig. 1 | Obesity converts a classically TH2-driven inflammatory disease to a 
more severe TH17-driven disease that is worsened upon anti-TH2 antibody 
treatment. a, MC903-induced AD model with either high-fat diet (HFD) or 
normal diet (ND). b, Change in ear thickness during development of AD.  
c, Representative images of ears of mice treated with ethanol (EtOH) or MC903, 
on day 11. d, Representative haematoxylin and eosin (H&E) ear histology on day 
11. Dashed line, leukocytic expansion of dermis. Original magnification, "200. 
e, Total cytokine-competent CD4+ T!cell numbers from whole ear, on day 11. 
 f, RNA velocity visualization of transcriptional trajectories in UMAP space with 
Leiden clustering of scRNA-seq of Tconv cells from AD-challenged ears on day 10. 
g, Gene-expression heat maps of Rorc, Il17a, Il17f, Il22 and Il23r, with the 
highest-expressing cells in black. h, Distribution of Tconv cells in UMAP space 
(from f) from lean and obese mice after AD challenge. Contour lines are set at 
identical thresholds. Borders of TH2 and TH17 late clusters are outlined. TH17 
late contour outlines cells in the top 50th percentile of Il17a, Il17f, Il22 and Il23r 

expression. i, TH17 cluster continuous probability density curves, scaled by 
sample. j–l, Change in ear thickness ( j), with representative images from day 10 
(k) and representative H&E ear histology from day 11 (l; original magnification, 
"100) of lean or obese mice with induced AD treated with anti-IL-4/IL-13 or 
isotype control. m, Representative epidermal pustules (arrows) in obese mice 
with induced AD and treated with anti-IL-4/IL-13. Original magnification, "400. 
n, Number of lesional CD4+ T!cells with indicated cytokine competence 
(detected by intracellular cytokine staining and flow cytometry) from lean and 
obese mice treated with anti-IL-4/IL-13 or isotype control. Scale bars, 100#µm. 
n#=#5 (b–e) except n#=#4 for IL-17A and IL-17F CD4+ T!cell measurements (e); n#=#1 
(pooled from 5 mice per group) for scRNA-seq in f–i; n#=#5 ( j–m) except n#=#4 for 
lean mice with isotype control ( j); n#=#3 (pooled from 1–2 mice per sample) (n). 
Data are mean ± s.e.m. Peak values were tested with Welch’s t-test (b, j). P values 
adjusted for multiple comparisons using Holm-$ídák method!(e); Mann–
Whitney U test (i). #P#<#0.06, *P#<#0.05, **P#<#0.01, ***P#<#0.001.



Impact of Obesity on Clinical Course of IBD

• Cross-sectional, and longitudinal cohort from IBD Partners

• 7296 adults with IBD with at least 1 follow-up of 6-12 months
• 65% with CD, 20% obese
• Higher anxiety, depression, fatigue, pain and inferior social function scores in CD and UC

Jain … Singh. Am J Gastroenterol 2019;114:630



Risk of active disease at follow-up Crohn’s disease Ulcerative colitis
Normal BMI (18.0-24.9 kg/m2) 1.0 1.0

Overweight (BMI, 25-29.9 kg/m2) 1.39 (1.08-.78) 1.03 (0.75-1.42)
Class I obesity (30-34.9 kg/m2) 1.50 (1.07-2.09) 1.67 (1.05-2.61)

Class II or III obesity (≥35 kg/m2) 1.86 (1.30-2.68) 2.97 (1.75-5.17)
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Abstract

Background and Aims: There remains a historical misconception that inflammatory bowel disease 
[IBD] patients are underweight. However, recent data suggest rates of obesity in IBD parallel to 
those of the general population. The impact obesity has on the natural history of IBD is unclear. 
We aimed to determine obesity rates at the time of IBD diagnosis in a population-based cohort of 
ulcerative colitis [UC] patients.
Methods: Chart review was performed on patients diagnosed with UC over 1970–2010. Data 
were collected on demographics, body mass index [BMI], disease characteristics, IBD-specific 
hospitalisations, intestinal resection, and corticosteroid use. The proportion of patients who were 
obese at the time of their diagnosis was evaluated over time, and survival free of IBD-related 
complications was assessed using Kaplan‐Meier survival analysis.
Results: A total of 417 adults were diagnosed with UC over 1970–2010, 55.4% of whom were 
classified as either overweight [34.8%] or obese [20.6%]. The prevalence of obesity increased 2–3-
fold over the 40-year study period. Obese patients had a 72% increased risk of hospitalisation 
(hazard ratio [HR],1.72; 95% confidence interval [CI], 1.10–2.71; p!=!0.018) when compared with 
normal weight patients. Additionally, with each incremental increase in BMI by 1!kg/m2, the risk of 
hospitalisation increased by 5% [HR,1.05; 95% CI, 1.01–1.08; p!=!0.008] and risk of corticosteroid use 
increased by 2.6% [HR,1.026; 95% CI, 1.00–1.05; p!=!0.05].
Conclusions: The prevalence of obesity in the UC population is increasing and may have negative 
prognostic implications, specifically regarding risk of future hospitalisation and corticosteroid use. 
Additional prospective studies are necessary to more clearly define these associations.
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Impact of Visceral Adiposity in Crohn’s Disease

Eryahiem. Clin Gastroenterol Hepatol 2011;9:684
Uko. Inflamm Bowel Dis 2014;20:2286

0.1 1 10

Complicated 
(vs. inflammatory)

Hospitalization

Moderate-severe disease 
(vs. remission/mild disease)

Surgery

CD outcomes, with increasing VAT

Visceral adiposity (> overall obesity) may be associated with high-risk 
phenotype and adverse outcomes in CD



Obesity impacts pharmacokinetics of biologic agents

Rosario. Aliment Pharmacol Ther 2015;42:188

• Obesity modifies systemic drug exposure and 
absorption

• Weight-based dosing vs. fixed dose
• Intravenous vs. subcutaneous

• High body weight is independently associated 
with increased drug clearance (non-linear 
association), for all biologic agents



Impact of Obesity on Response to Biologic Agents in UC

• Single-center, retrospective cohort study, 2011-16
• 160 patients with UC, 55% on weight-based therapy (infliximab), 45% on fixed-dose therapy 

(adalimumab, golimumab, vedolizumab)
• 1kg/m2 increase in BMI associated with 4% higher risk of treatment failure (HR, 1.04; 95% 

CI, 1.00-1.08) (adjusting for age, sex, disease duration, hospitalization, prior anti-TNF therapy, steroid use, albumin)

• 1kg/m2 increase in BMI associated with 6% lower risk of achieving endoscopic remission
(aOR, 0.94; 95% CI, 0.87-1.00)

1kg/m2 increase in BMI Weight-based dosing Fixed-dosing regimens

Treatment Failure 1.05 (1.00-1.10) 1.05 (0.99-1.12)

Surgery/hospitalization 1.10 (1.03-1.19) 1.09 (0.99-1.20)

Endoscopic remission 0.98 (0.96-0.99) 0.96 (0.85-1.10)

Kurnool, …, Singh. Aliment Pharmacol Ther 2018



Singh S. (in preparation)

• 54 cohorts, 19,372 patients (23% obese)
• Only 8.3% RCTs reported outcomes stratified by weight

• Obese patients have 60% higher odds of failing anti-TNF therapy – OR, 1.60 
(95% CI, 1.39-1.83)

• Dose-response relationship 

• Overweight (vs. normal BMI): OR, 1.38 (1.11-1.74)
• Obese (vs. normal BMI): OR, 1.87 (1.39-2.52)

• Per 1kg/m2 increase in BMI: OR, 1.07 (1.04-1.09)

Singh et al. PLOS One 2018



Singh et al. Am J Gastroenterol 2018;113:883
After adjusting for sex, smoking, baseline disease activity, and concomitant immunomodulators and/or prednisone use 

Per unit analysis, odds of achieving clinical remission:
Each 1kg/m2 increase in BMI: OR, 1.00 (0.97-1.03)

Each 5kg increase in body weight: OR, 1.00 (0.95-1.05)



• Multi-center EHR-based cohort study of 
biologic-treated patients with IBD
• 3038 patients treated with biologics, 

between 2010-17
• 14% obese + 28% overweight
• 76% treated with infliximab, 12% each on 

vedolizumab and ustekinumab
• Outcomes within 1 year of biologic 

initiation
• Hospitalization = 23%
• IBD-related surgery = 3.3%
• Serious infections = 5.8%

Gu, …, Singh. Am J Gastroenterol 2022;117:1639

Effect of Obesity on Risk of Hospitalization, Surgery,
and Serious Infection in Biologic-Treated Patients With
Inflammatory Bowel Diseases: A CA-IBD Cohort Study
Phillip Gu, MD1, Jiyu Luo, MS2, Jihoon Kim, MS3, Paulina Paul, MS3, Berkeley Limketkai, MD, PhD4, Jenny S. Sauk, MD4,
Sunhee Park, MD5, Nimisha Parekh, MD5, Kai Zheng, MD6, Vivek Rudrapatna, MD, PhD7, Gaurav Syal, MD, MHDS1, Christina Ha, MD1,
Dermot P. McGovern, MD, PhD1, Gil Y. Melmed, MD, MS1, Phillip Fleshner, MD8, Samuel Eisenstein, MD9, Sonia Ramamoorthy, MD9,
Parambir S. Dulai, MD10, Brigid S. Boland, MD10, Eduardo Grunvald, MD11, Uma Mahadevan, MD7, Lucila Ohno-Machado, MD, PhD3,
William J. Sandborn, MD10 and Siddharth Singh, MD, MS3,10

INTRODUCTION: Obesity is variably associated with treatment response in biologic-treated patients with inflammatory
bowel diseases (IBD).We evaluated the association between obesity and risk of hospitalization, surgery,
or serious infections in patients with IBD in new users of biologic agents in a large, multicenter,
electronic health record (EHR)-based cohort (CA-IBD).

METHODS: We created an EHR-based cohort of adult patients with IBD who were new users of biologic agents
(tumor necrosis factor [TNF-a] antagonists, ustekinumab, and vedolizumab) between January 1,
2010, and June 30, 2017, from5 health systems in California. Patients were classified as those with
normal body mass index (BMI), overweight, or obese based on the World Health Organization
classification. We compared the risk of all-cause hospitalization, IBD-related surgery, or serious
infections among patients with obesity vs those overweight vs those with normal BMI, using Cox
proportional hazard analyses, adjusting for baseline demographic, disease, and treatment
characteristics.

RESULTS: Of 3,038 biologic-treated patients with IBD (69% with Crohn’s disease and 76% on TNF-a
antagonists), 28.2% (n5858) were overweight, and 13.7% (n5416) were obese. On a follow-up after
biologic initiation, obesity was not associated with an increased risk of hospitalization (adjusted hazard
ratio [aHR] vs normal BMI, 0.90; [95% confidence interval, 0.72–1.13]); IBD-related surgery (aHR,
0.62 [0.31–1.22]); or serious infection (aHR, 1.11 [0.73–1.71]). Similar results were observed on
stratified analysis by disease phenotype (Crohn’s disease vs ulcerative colitis) and index biologic
therapy (TNF-a antagonists vs non–TNF-a antagonists).

DISCUSSION: In a multicenter, EHR-based cohort of biologic-treated patients with IBD, obesity was not associated
with hospitalization, surgery, or serious infections. Further studies examining the effect of visceral
obesity on patient-reported and endoscopic outcomes are needed.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/C543

Am J Gastroenterol 2022;117:1639–1647. https://doi.org/10.14309/ajg.0000000000001855
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Figure 1.TheKaplan-Meier curves for risk of (a) all-cause hospitalization, (b) IBD-related surgery, and (c) serious infections in patientswith IBDand obesity
vs overweight vs normal BMI within a year of starting a new biologic agent. P values are from log-rank tests for curve comparisons. IBD, inflammatory bowel
diseases.
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Summary

Singh, … Seow. Clin Gastroenterol Hepatol 2020



Would treating obesity improve IBD 
outcomes?

18



• 126 overweight-obese patients with 
psoriatic arthritis, starting anti-TNF 
therapy

• Low-fat diet vs. free-managed diet
• ≥5% weight loss, 58.7%, and  ≥10% 

weight loss, 20.6%
• Regardless of intervention, 

magnitude of intentional weight loss 
associated with better outcomes

Di Minno. Ann Rheum Dis 2014;73:1157



Bariatric surgery improves outcomes in rheumatoid arthritis

• Single-center, 53 RA patients undergoing bariatric surgery
• Decrease in proportion with moderate-severe disease (52% vs. 6%)
• Lower ESR, CRP, RA-related medication use

Sparks. Arthritis Care Res 2015;67:1619



Bariatric surgery in patients with IBD

• Systematic review with 10 studies, 168 patients with IBD, 58% CD
• Sleeve gastrectomy (58%) vs. Roux-en-Y gastric bypass (30%)
• 52% not on any specific IBD-related therapy; 28% on biologic agents
• Early surgery-related adverse events – 16%

• Higher with REYGB > sleeve gastrectomy
• Change in IBD-related outcomes

• De-escalation of IBD therapy = 46%
• Escalation of IBD therapy = 11% (higher risk with REYGB vs. 

sleeve gastrectomy = 18% vs. 7%)

Garg, et al. Obes Surg 2020



So, how do we treat obesity in IBD patients?





Singh. JAMA 2016;315:2424

Agent ≥ 5% weight 
loss

≥ 10% weight 
loss

Excess weight 
loss over placebo

Placebo 23% 9% N/A
Phentermine-

topiramate (Qsymia)
75% 54% 8.8 kg (7.4-10.2)

Liraglutide (Saxenda) 63% 34% 5.3 kg (4.5-6.1)
Naltrexone-bupropion

(Contrave)
55% 30% 5.0 kg (4.0-5.9)

Lorcaserin (Belviq) 49% 25% 3.2 kg (2.5-4.0)
Orlistat (Alli) 44% 20% 2.6 kg (2.2-3.0)

Khera, …, Singh. JAMA 2016;315:2424



Phentermine-Topiramate in IBD

• Computational analysis comparing gene 
expression profile of topiramate, with 
gene expression signature of IBD

Dudley. Sci Transl Med 2011;3:96



• Danish population-based cohort
• 3,751 patients with IBD AND diabetes mellitus - 982 patients in GLP-1 receptor 

agonists/DPP-4 inhibitors vs. 2769 patients treated with other anti-diabetics
• Composite outcome – need for corticosteroids, TNFa antagonists, IBD-related 

surgery, IBD-related hospitalization
• GLP-1 receptor agonists/DPP-4 inhibitors – 48% lower risk of adverse outcomes

Villumsen, et al. EClinicalMedicine 2022
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A B S T R A C T

Background: The disease course of in!ammatory bowel disease (IBD) following treatment with glucagon-like
peptide (GLP)-1 based therapies is unclear. The aim of this study was to examine the disease course of IBD in
patients treated with GLP-1 based therapies compared with treatment with other antidiabetics.
Methods: Using nationwide Danish registries, we identi"ed patients with IBD and type 2 diabetes who received
antidiabetic treatment between 1 January 2007 and 31 March 2019. The primary outcome was a composite of the
need for oral corticosteroids, tumour necrosis factor-a inhibitors, IBD-related hospitalisation, or IBD-related surgery.
In the setting of a new-user active comparator design, we used Poisson regression to estimate incidence rate ratios
(IRR) comparing treatment with GLP-1 receptor agonists and dipeptidyl peptidase (DPP)-4 inhibitors with other
antidiabetic therapies. The analyses were adjusted for age, sex, calendar year, IBD severity, andmetformin use.
Findings: We identi"ed 3751 patients with a diagnosis of IBD and type 2 diabetes and with a prescription of
an antidiabetic drug (GLP-1 receptor agonists/DPP-4 inhibitors: 982 patients; other antidiabetic treatment:
2769 patients). The adjusted IRR of the composite outcome was 0¢52 (95% CI: 0¢42!0¢65) for patients
exposed to GLP-1 receptor agonists/DPP-4 inhibitors compared with patients exposed to other antidiabetics.
Interpretation: In patients with IBD and type 2 diabetes, we observed a lower risk of adverse clinical events
amongst patients treated with GLP-1 based therapies compared with treatment with other antidiabetics.
These "ndings suggest that treatment with GLP-1 based therapies may improve the disease course of IBD.
Funding: The study was funded by the Novo Nordisk Foundation [grant number NNF16OC0022586 and
NNF17OC0029768] and The Danish National Research Foundation [grant number DNRF148].
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

In!ammatory bowel disease (IBD), including Crohn’s disease (CD)
and ulcerative colitis (UC), are chronic intestinal diseases affecting
millions of individuals worldwide [1]. The diseases often occur during
early adulthood, and many patients experience a life-long disease

course with relapsing and remitting in!ammation of their gut [1!3].
Although the aetiology is not fully understood, the development of
both CD and UC is believed to be caused by uncontrolled in!amma-
tion and immune dysregulation in individuals who are genetically
predisposed [4].

The prevalence of multimorbidity is increasing [5], and patients
with IBD may experience coexisting conditions, such as diabetes.
Management of multimorbidity is challenging on many levels [5].
Regarding co-medication, treatment of one condition may be contra-
indicated for another condition (e.g., non-steroidal anti-in!ammatory
drug use in patients with severe renal disease) [6]. However, it is also
possible that treatment of one chronic condition will have a positive
impact on a concurrent chronic condition (e.g., metoprolol treatment
for hypertension and essential tremor) [7].

GLP-1 based therapies including dipeptidyl peptidase (DPP)!4
inhibitors and glucagon-like-peptide (GLP)!1 receptor agonists are
glucose-lowering drugs approved for treatment of type 2 diabetes

Abbreviations: ATC, Anatomical Therapeutic Chemical; CD, Crohn’s disease; DPP,
dipeptidyl peptidase; GLP, glucagon-like-peptide; IBD, in!ammatory bowel disease;
IMID, immune-mediated in!ammatory disease; ICD, International Classi"cation of Dis-
eases; IR, incidence rate; IRR, incidence rate ratios; PY, person-years; SGLT2, Sodium-
glucose Cotransporter-2; TNF, tumour necrosis factor; UC, ulcerative colitis
Funding: The study was funded by the Novo Nordisk Foundation [grant number

NNF16OC0022586 and NNF17OC0029768] and The Danish National Research Founda-
tion [grant number DNRF148].
* Corresponding author at: Center for Clinical Research and Prevention, Bispebjerg

and Frederiksberg Hospital, Nordre Fasanvej 57, 2000 Frederiksberg, Denmark.
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We used SAS V.9.4 (SAS Institute, Cary, NC) for statistical analyses.

2.5. Ethical considerations

The study was approved by the Danish Data Protection Agency,
and data were analysed on a secure research server at the Danish
Health Data Authority. In Denmark, ethical approval is not required
for research using pre-existing, routinely collected data. The study
adheres to The Strengthening the Reporting of Observational Studies
in Epidemiology statement [25].

2.6. Role of the funding source

The funding source had no role in the study design, collection,
analysis, interpretation of the data, the writing of this manuscript, or
the decision to submit the manuscript for publication. The corre-
sponding author had full access to the data and all authors accepted
the responsibility to submit the manuscript for publication.

3. RESULTS

Between 1 January 2007 and 31 March 2019, we identi!ed 3751
IBD patients (CD, n = 960; UC, n = 2791) also diagnosed with type 2
diabetes and receiving antidiabetic drug treatment. Among these, we
identi!ed 982 new users of GLP-1 based therapies and 2769 non-
users during the study period.

Sex, IBD hospitalisation, IBD surgery, and type 2 diabetes dura-
tion were equally distributed amongst patients exposed to GLP-1
receptor agonists and/or DPP-4 inhibitors and patients exposed to
other antidiabetic drugs during follow-up. Before start to follow-up,
there were no difference in use of oral corticosteroids, TNF-a-inhib-
itors, immunomodulators, and other immune suppressants,
whereas more exposed patients also used 5-aminosalicylic acid and
topical corticosteroids before entry. Except for insulin, exposed
patients received more type 2 diabetes medication of all types
before entry (Table 1).

3.1. Incidence of hospitalisation, surgery, oral corticosteroids, or TNF-
a inhibitors

For the composite outcome (the need for oral corticosteroids,
need for TNF-a inhibitors, IBD-related hospitalisation, or IBD-related
surgery), we observed 199 events in patients exposed to a GLP-1
receptor agonist and/or DPP-4 inhibitor (IR=106¢9 per 1000 PY) vs
2314 events in the patients exposed to other antidiabetics (IR=242¢9
per 1000 PY), resulting in a crude IRR of 0¢44 (95% CI 0¢38!0¢51). The
adjusted IRR was 0¢52 (95% CI 0¢42!0¢65) after adjustment for sex,
age, calendar year, IBD severity, and metformin use (Table 2).

The potential bene!t of GLP-1 receptor agonists and/or DPP-4
inhibitors was similar amongst females (adjusted IRR 0¢49, 95% CI
0¢35!0¢69) and males (adjusted IRR 0¢55, 95% CI 0¢41!0¢73); test for
homogeneity, pinteraction=0¢91.

Table 1 (Continued)

Variable New users of GLP-1-receptor agonists
and/or DPP-4 inhibitors during follow-up

Non-users of GLP-1-receptor agonists and/
or DPP-4 inhibitors

N % N %

Lipid-lowering drugs 441 44¢9 1167 42¢1
Type 2 diabetes drug treatment
Biguanides 374 38¢1 718 25,9
Insulin 111 11¢3 402 14¢5
Sulfonylureas 232 23¢6 438 15¢8
Thiazolidinediones 18 1¢8 9 0¢3
SGLT2 inhibitors <5 ! <5 !
Combination therapy 12 1¢2 14 0¢5

CD Crohn’s disease, DPP-4 dipeptidyl peptidase 4, GLP-1 glucagon-like-peptide 1, IBD In"ammatory bowel disease, SGLT2 Sodium-glucose
Cotransporter-2, T2D Type 2 diabetes, TNF-a tumour necrosis factor alpha, UC Ulcerative Colitis.

y Criterion is when an individual is diagnosed with both IBD and type 2 diabetes, and the latest date of diagnosis with one of the two dis-
eases is the date of criterion.

^ Immune-mediated in"ammatory diseases: Ankylosing spondylitis, psoriasis, psoriasis arthritis, rheumatoid arthritis, sarcoidosis.

Table 2
IRRs of composite and speci!c outcomes comparing treatment with GLP-1 receptor agonists/DPP-4 inhibitors with other antidiabetic therapies.

New users of GLP-1-receptor
agonists and/or DPP-4 inhibitors

Non-users of GLP-1-receptor
agonists and/or DPP-4 inhibitors

Crude estimate Adjusted estimate

Composite outcome Events PY IR per 1000 PY Events PY IR per 1000 PY IRR (95% CI) IRR (95% CI)

Total 199 1861 106¢9 2333 9652 241¢7 0¢44 (0¢38!0¢51) 0¢52 (0¢42!0¢65)
Sex
Female 50 344 145¢1 1079 4325 249¢5 0¢44 (0¢35!0¢54) 0¢49 (0¢35!0¢69)
Male 149 1517 98¢2 1235 5202 237¢4 0¢45 (0¢37!0¢55) 0¢55 (0¢41!0¢73)
IBD subtype
CD 90 836 107¢6 640 2144 298¢5 0¢49 (0¢36!0¢65) 0¢62 (0¢41!0¢92)
UC 109 1025 106¢3 1674 7382 226¢8 0¢43 (0¢37!0¢51) 0¢50 (0¢39!0¢65)
Separate outcomes
Hospitalisation 178 2889 61¢6 1445 14,024 103¢0 0¢60 (0¢51!0¢70) 0¢73 (0¢58!0¢91)
Surgery 97 3675 26¢4 593 17,456 34¢0 0¢78 (0¢63!0¢96) 0¢79 (0¢57!1¢09)
Steroid initiation 133 2813 47¢3 1238 13,104 94¢5 0¢50 (0¢42!0¢60) 0¢54 (0¢41!0¢70)
TNF-a-inhibitor initiation 29 4183 6¢9 213 18,737 11¢4 0¢61 (0¢41!0¢90) 0¢56 (0¢32!1¢00)

CD Crohn’s disease, CI con!dence interval, IR Incidence rate, IRR Incidence Rate Ratio, PY Person Years, TNF-a tumour necrosis factor alpha, UC Ulcerative
Colitis.

M. Villumsen et al. / EClinicalMedicine 37 (2021) 100979 5



Summary

1. Obesity is common in patients with IBD, and may contribute to 
increased risk of developing Crohn’s disease

2. Effects of obesity are mediated by dysbiosis, pro-inflammatory 
adipocytokines, intestinal barrier disruption (and activation of adipocytes in 
mesentery, in CD), and altered pharmacokinetics of biologic agents

3. Obesity adversely impact disease course and outcomes in patients with 
IBD

4. Obesity results in inferior response to biologic therapy, potentially by 
promoting rapid drug clearance regardless of dose

5. Treating obesity may augment treatment response to biologics in IBD
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